Background: Exposure to antidepressants during the third trimester of pregnancy has been associated with an increased risk for adverse birth outcomes, including preterm birth, respiratory distress, and hypoglycemia.
1.90), and hypoglycemia (OR, 1.62) was found, the latter especially after exposure to tricyclic drugs, but no significant effect on the frequency of neonatal jaundice was seen (OR, 1.13). Most effects seemed not to be selective serotonin reuptake inhibitor drug specific, and outcomes after exposure to paroxetine hydrochloride were not worse than after exposure to other selective serotonin reuptake inhibitors.
Conclusions: Neonatal effects after maternal use of antidepressant drugs during late pregnancy were seen. Selective serotonin reuptake inhibitors may be the drugs of choice during pregnancy.
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S OME STUDIES [1] [2] [3] [4] [5] [6] [7] [8] HAVE BEEN PUBlished on the occurrence of birth defects after maternal use of antidepressants without any certain teratogenic effect being demonstrable. Less is published on the neonatal outcome besides birth defects, and published studies are all small. Most studies 4, 7, 9 have found evidence for increased rates of premature delivery; admission to special-care nurseries; poor neonatal adaptation, including respiratory difficulties; low Apgar scores; hypoglycemia; cyanosis on feeding; and cerebral excitation. One of the studies 9 suggested a specifically poor outcome after treatment with paroxetine hydrochloride. Another recent study 8 found no ill effects of maternal use of tricyclic drugs, but did find ill effects for use of some selective serotonin reuptake inhibitors (SSRIs). Healthy neurodevelopment has been found in 2 studies, 7, 10 but recently, an increased risk for an abnormal Boel test result at the age of 7 to 10 months was described, based on 7 such outcomes. 11 The present study was performed to investigate neonatal abnormalities using prospectively collected cases, large enough to give reasonably adequate risk estimates and to allow a comparison of different antidepressant drugs.
METHODS
Data were obtained from the Swedish Medical Birth Registry. Since July 1, 1994, information on maternal drug use during pregnancy has been collected prospectively. 12 From July 1, 1995, the records of all women delivered of a neonate should contain information on drug use. Children born between July 1, 1995, and December 31, 2001, were, therefore, selected for study.
The Swedish Medical Birth Registry 13,14 contains data from copies of medical documents from the antenatal care that practically all pregnant women receive. Data on first-trimester exposures are obtained by midwife interviews at the first antenatal care visit (usually week [10] [11] [12] , while data on later exposures are obtained from the copies of the medical records of the antenatal care. By using the latter, infants whose mothers had been prescribed an antidepressant drug after the first visit to the antenatal care center were identified. For most of the cases, the drug dosage and the date of starting and stopping were recorded.
The Swedish Medical Birth Registry also contains data on delivery and the newborn, obtained from copies of the medical records used at delivery and at the pediatric examination of the newborn. 13, 14 In the present study, the following variables were used: maternal age, parity (number of previously born infants plus 1), maternal smoking at the first visit to the antenatal care center, gestational duration, birth weight, and estimate of fetal growth anomalies (small for gestational age, corresponding to Յ2 SDs; and large for gestational age, corresponding to Ͼ2 SDs), based on sex and parity-specific normal graphs. 15 Neonatal diagnoses (based on diagnostic codes in the register) of respiratory distress, neonatal hypoglycemia, neonatal jaundice, convulsions, and cerebral excitation were recorded.
To study possible effects on birth weight in singleton term infants, the mean standard deviation score was used (determined as the difference between the infant's birth weight and the expected weight given maternal age, parity, maternal smoking habits, and pregnancy week [37] [38] [39] [40] [41] [42] , divided by the standard deviation, estimated as 12% of the expected weight).
Exposed infants were compared with all infants in the registry after adjustment for year of birth, maternal age, parity, and maternal smoking in early pregnancy, all factors that were shown to be associated with antidepressant drug use (according to Ericson et al 6 and Table 1 ) and that may also affect pregnancy and infant diagnoses. No adjustment was made for cohabitation, a characteristic that has little effect on birth outcome in Sweden when consideration is given to the other variables.
Adjustments were made with the Mantel-Haenszel technique, and risks were expressed as odds ratios (ORs). Approximate 95% confidence intervals (CIs) were estimated with the method of Miettinen. 16 Comparisons of 2 ORs were made as 2-tailed z tests based on the estimated variances.
When numbers were low, the expected numbers were calculated instead with consideration of the same variables, and observed and expected numbers were compared as a risk ratio, the 95% CI of which was determined from exact Poisson distributions. In this situation, comparisons between groups were made with Fisher exact tests.
RESULTS

OVERVIEW
A total of 997 infants whose mothers received antidepressant therapy after the first antenatal care center visit were identified. Among the 987 mothers, 395 had used tricyclic drugs ( ). There were 31 women who had used 2 antidepressants during late pregnancy; 19 of them had used a tricyclic drug and an SSRI and 8 had used an SSRI and an antidepressant other than a tricyclic drug or another SSRI.
The pregnancy weeks when the drug had been used were not stated in 387 cases; in 70 cases, drug use stopped before week 24, and in 561 cases, drug use started after or continued past week 23. Table 1 presents some background data for the women using antidepressants and for the total population of women giving birth.
GESTATIONAL DURATION, BIRTH WEIGHT, AND FETAL GROWTH
These variables were studied only in singleton births. The OR for preterm birth ( Table 2) was increased, and amounts to about 2, similar for different subgroups. There was no statistically significant difference between the ORs when the woman had used a tricyclic drug and when she had used an SSRI (z=0.97, P=.25). The OR for low birth weight (Table 2) was also around 2, and similar between groups (comparison of the tricyclic antidepressant group vs the SSRI group, z = 0.20, P=.39). This indicates no increase in the risk for small for gestational age, as was also seen in Table 2 . On the other hand, there was an increased risk for large for gestational age that, however, did not reach statistical significance.
In a previous article, 6 a differential effect was described in smoking and nonsmoking women on fetal growth based on first-trimester exposures to antidepressant drugs. The study of large for gestational age was, therefore, repeated and restricted to nonsmoking women. The OR increased only slightly and was still not statistically significant (for all infants: OR, 1.26; 95% CI, 0.93-1.69).
When the mean and standard error of the mean of standard deviation score of the birth weight in singleton term infants was studied, a highly significant increase was seen for all infants exposed to antidepressants (score, 0.14 ± 0.04; t = 4.0, PϽ.001), stronger for nonsmokers (score, 0.17 ± 0.04; t = 3.9, PϽ.001) than for smokers (score, 0.09±0.07; t=1.32, P =.17). The effect of exposure to tricyclic antidepressants among nonsmokers was stronger (mean±SEM score, 0.23±0.07; t=3.2, P=.002) than the effect of exposure to SSRIs without tricyclic antidepressants (mean±SEM score, 0.12±0.06). 
INFANT DIAGNOSES
There was a rather strong and statistically significant increase in the OR for respiratory distress ( Table 3) . This was slightly higher after the use of tricyclic antidepressants than after the use of SSRIs, but the difference may well be random (z = 1.31, P = .17). After exclusion of preterm births (Ͻ37 weeks), the OR was somewhat reduced but still highly significant (1.81; 95% CI, 1.37-2.40).
There was no significant effect on the rate of neonatal jaundice (Table 3) , which was nonsignificantly increased after the use of tricyclic antidepressants but not after the use of SSRIs.
For neonatal hypoglycemia (Table 3) , a significantly increased OR was seen, which again was stronger after the use of tricyclic antidepressants than after the use of SSRIs, but this difference may be random (z=1.43, P=.14).
The OR for low Apgar score (in term singleton infants) was increased after the use of antidepressant drugs, with about the same magnitude for tricyclic drugs and SSRIs (Table 3) .
Neonatal convulsions (Table 3) were registered more often with than without antidepressant drugs, and the risk ratio was higher after the use of tricyclic antidepressants than after the use of SSRIs, but the difference may be random (Fisher exact test, P =.50). The frequency of a diagnosis of cerebral excitation was also higher with than without antidepressants, but the difference did not reach statistical significance (OR, 1.22; 95% CI, 0.91-1.65) and was higher after the use of tricyclic drugs (OR, 1.45; 95% CI, 0.93-2.25) than after the use of SSRIs (OR, 1.07; 95% CI, 0.70-1.62), but these 2 estimates do not differ significantly (z=0.96, P =.25).
A special study was made of paroxetine exposure compared with exposure to other SSRIs ( Table 4) . Only LGA, large for gestational age; OR, odds ratio; SGA, small for gestational age; SSRI, selective serotonin reuptake inhibitor.
*The total population indicates all women giving birth; all antidepressants, women using any antidepressant during pregnancy; Ն24 wk, women with known exposure to an antidepressant after pregnancy week 23; tricyclic drugs, women using tricyclic drugs during pregnancy; SSRIs, women using SSRIs during pregnancy.
†Data are given as number of neonates. ‡Data compare the total population group with the all antidepressants group after adjustment for year of birth, maternal age, parity, and maternal smoking in early pregnancy. Infants with missing data were excluded. §Reference. Abbreviations: See Table 2 . *The groups are described in the second footnote to Table 2 . †Data are given as number of neonates. ‡Data compare neonates born of the total population group with those born of the all antidepressants group after adjustment for year of birth, maternal age, parity, and maternal smoking in early pregnancy.
§Reference. Term singleton neonates. ¶Risk ratios are given instead of ORs. They were calculated as the quotient between observed and expected numbers (expected numbers are in parentheses) after adjustment for year of birth, maternal age, parity, and maternal smoking in early pregnancy. The 95% CIs were calculated from exact Poisson distributions. crude comparisons were made (without adjustment for year of birth, maternal age, parity, or maternal smoking) because numbers were low and comparisons were made within SSRIs, where confounding factors should be roughly equal. Paroxetine exposure gave higher ORs than exposure to other SSRIs for some conditions, but none reached statistical significance.
USE OF OTHER DRUGS
Women who used antidepressants used other drugs in excess. Table 5 lists the number of women using other drug categories. Exclusion in the analysis of women who had used any one of these drugs did not reduce the estimated ORs. For preterm births, the OR changed from 1.96 to 2.01 (95% CI, 1.17-3.46), and for all infant diagnoses (given in Table 2 ), from 1.96 to 2.15 (95% CI, 1.26-3.66). The rate of anticonvulsant users is high (1.6% vs the population rate of 0.3%), but among the infants of the 16 women using anticonvulsants, none experienced neonatal convulsions. Of the mothers of infants with convulsions, 3 had used other psychoactive drugs (1 expected), 1 had used insulin, and 2 had used antiasthmatic drugs.
COMMENT
This study has certain advantages: a reasonably large number of cases could be studied and information on drug use is based on medical record information and is prospective related to the outcome. Outcomes could be compared with the corresponding outcomes among all infants born with adjustment for some confounders. The study is large enough to give information also on relatively rare events and to compare the effects of different anticonvulsants. It is more than twice the size of the largest previously published study. 8 There are also disadvantages. The exact time of administration of the drugs was not specified in about 40% of the cases. When specified, only few stopped drug use before week 24 (11.5%). In all the tables, the ORs for all case subjects and for those case subjects in whom exposure was known to have occurred after week 23 were shown and no major differences exist. It is, therefore, likely that when no timing was stated, most women had actually used the drugs after week 23. Furthermore, the medical record note indicates that the drug has been prescribed, not that the woman necessarily took it. If some did not, this will bias the estimated ORs toward unity.
There were clear-cut effects on pregnancy outcome after maternal use of antidepressants. For most conditions, there seems to be no certain difference between women using tricyclic drugs, SSRIs, or other antidepressants, even though there is a common tendency for tricyclic drugs to show higher ORs than SSRIs. One explanation for this could be that the effects on the outcome were actually due to residual confounding from the maternal disease or something linked to the disease. Even if most women using antidepressants were probably in a depressive state, these drugs (notably SSRIs) are used for other psychiatric conditions as well. Women using antidepressants may use other drugs, alcohol, or illicit drugs in excess. The exclusion of such drugs being reported did not reduce the risk estimates; illicit drug use especially is probably underreported. Illicit drug use among women who give birth is relatively rare in Sweden.
Especially for gestational duration and birth weight, maternal smoking is of importance. Adjustment for maternal smoking in early pregnancy was made, but this may be insufficient for 2 reasons. One is that the classification of smoking is relatively crude and the upper group (Ն10 cigarettes per day) is open and may include different proportions of heavy smokers who will not be adjusted for. Furthermore, maternal smoking in late pregnancy is more important for fetal growth and neonatal diagnoses than smoking in early pregnancy, and women with psychiatric symptoms may stop smoking during pregnancy to a lesser degree than healthy women. One main effect of maternal smoking is fetal growth retardation, and no effect on the rate of small for gestational age neonates was seen in the study, which speaks against a confounding by uncontrolled smoking habits.
Another explanation for the similarities in outcome irrespective of drug type used could be that the various drugs can have common pharmacological mechanisms.
Previously, 6 it was found that infants born after early 
What This Study Adds
Maternal use of antidepressants and notably SSRIs has been associated with neonatal complications because of withdrawal reactions. Recently, paroxetine has been pinpointed as causing more problems than other SSRIs. By studying 997 infants whose mothers had used antidepressants during the latter part of the pregnancy, an excess of neonatal problems could be confirmed, if anything more pronounced after tricyclic drug use than after SSRI use, but no difference between paroxetine and other SSRIs could be demonstrated.
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